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Has Computer Technology Brought Economies of Scope 
to Services Oriented Businesses? An Analysis of 
Architectural and Engineering Services. 
Chairman: Clyde W. Neu (3xm/^ 
Economies of scope bring about efficiencies based on product variety and are derived from 
sharing costs across many products and using excess capacity. Economies of scope have been 
successfully exploited in the manufacturing process through the use of computer-aided 
manufacturing technologies. Integration via these technologies allows manufacturing plants to 
be more efficient, to improve quality of products, to lower the cost of individual products and 
to increase flexibility of both products and processes. 
The existence of economies of scope in service oriented businesses is less clear. Studies of 
service oriented businesses suggest potential for economies of scope but do not conclusively 
demonstrate such economies actually exist. The role of computer technology in exploiting these 
economies is not addressed. This paper will evaluate the potential for -or existence of- economies 
of scope in architectural and engineering firms and assess the role computer technology may play 
in the exploitation of such economies. 
In-depth interviews focusing on the role of computer technology in several Montana based 
architectural and engineering firms form the primary basis for the research. Secondary research 
and previous work completed by this student on the role of computer-aided manufacturing 
technologies in the displacement oi' economies of scale with economies of scope in manufact uring 
provide background information. Additional information acquired through a survey in the fall 
of 1992 of architectural ?i d engineering firms in Montana regarding the impact of computer 
technology in their firms will be incorporated into this work. 
This study demonstrates that the potential for economies of scope exists in architectural and 
engineering firms; however, the exploitation of these economies has just begun. Significant 
exploitation of scope economies will not occur until firms understand the true benefits of 
computer technology and adopt a management philosophy that allows those benefits to be 
realized. 
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HAS COMPUTER TECHNOLOGY BROUGHT ECONOMIES 
OF SCOPE TO SERVICE ORIENTED BUSINESSES? 
AN ANALYSIS OF ARCHITECTURAL AND ENGINEERING SERVICES. 
ECONOMIES OF SCOPE 
Traditional economies of scale are achieved through high volume production of a standardized 
product. The concept of economies of scale is based on the notion that a production facility's 
total manufacturing costs generally increase at a slower rate than its production volume (Groover 
1984, 54). In contrast, economies of scope are achieved through variety in products and 
flexibility in processes. Scope economies are based on technologies that allow multiple product 
variations to be produced more cheaply in combination than separately (Jelinik 1983, 143). 
Economies of scale are realized through the use of large manufacturing plants and special 
purpose machines that produce many units of a particular product. The product process focuses 
on long production runs and few changeovers Through this high volume, smooth flowing 
process, the manufacturing plant is able to move down the long run average cost curve, increase 
throughput times and demand price breaks from suppliers. In order to achieve true economies 
of scale, companies must sacrifice flexibility (Noori 1990, 580). On the other hand, flexibility 
is a fundamental element of economies of scope. Economies of scope are realized through the 
use of smaller, decentralized facilities and general purpose machines that can produce a large 
variety of products (Noori, 581). 
As traditional scale oriented companies have only a few products produced in large volumes, 
the focus of the company is on the manufacturing process rather than the products themselves. 
A process that can produce the largest possible volume for the lowest possible average cost per 
unit is pursued. In a scope oriented company, the focus in on the products, rather than the 
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process. The flexibility of the process allows the economic batch quantity to approach one, 
freeing the company from concerns over costly, time consuming changeovers and breakdowns. 
Scale oriented companies use inventory stockpiling to lessen the impact of changeovers, 
breakdowns and seasonal demands for products. As products become obsolete and demand 
dwindles, the manufacturer is in a position of having to idle special purpose machines and 
possibly shut down large plants. In contrast, scope oriented companies are better able to fully 
use plant capacity and respond to changes in consumer demands. The general purpose machines 
can be reprogrammed to accommodate improvements and innovations in products. Scope 
oriented companies rely on the flexibility of the process to respond to changes in technology and 
product demand. 
The scale oriented company offers a standardized product which is changed only with great 
difficulty and high cost. The trade-off tc the consumer is few, if any, improvements in 
technology and quality in exchange for low cost and dependability. The scope oriented company, 
on the other hand, offers a higher level of quality and innovation instead of, or in addition to, 
low cost and dependability. 
Economies of scale can be transitory and are often accompanied by associated diseconomies 
of scale. Increasing the scale to reduce certain costs causes other costs to increase. As a plant 
produces more of a product, the product must be distributed to a wider area, resulting in 
increased distribution costs. A larger plant requires a larger work force with resulting 
bureaucratization and confusion. Large, iriflexibb, single product plants are vulnerable to both 
natural disaster and obsolescence (Groover 1984, 64). Economies of scope tend to be "hard" 
economies. Variety within a product line allows the company to capture new customers within 
the same distribution area. Smaller plants operate with fewer layers of management and less "red 
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tape". General purpose machines and smaller, decentralized plants are less vulnerable to 
obsolescence or natural disasters. 
APPLICATIONS OF ECONOMIES OF SCOPE 
Economies of scope are characterized by a product focus; consequently, the effects of 
economies of scope are applied to decisions about products rather than processes. Scope 
economies are exploited by changes in product design and product mix that allow the company 
to tap new markets, new customers and new channels of distribution. Product variety and 
product mix are changed by using alternative materials, introducing innovation, and improving 
product quality. 
The effects of scope economies are applied to decisions about how the company responds to 
market demands. Market life cycles for products are shorter today, and new designs must follow 
one another more frequently. The marketplace is demanding a greater variety of products 
without increasing the volume desired. The marketplace is time sensitive and products must be 
produced on closely controlled schedules. However, the marketplace also is cost-sensitive; 
therefore, the production process must be highly efficient in addition to providing reliability and 
high quality (Noori 1990, 579). 
« 
The effects of economies of scope reduce or eliminate decisions about trade-offs between 
changeovers and inventory. Changeover times and the associated costs are negligible as the set 
up costs are moved backward into the design process. The machine set up process involves little 
more than reading a computer program. The flexibility inherent in scope oriented production 
economies allows the company to meet demand for product with minimal or no inventory 
stockpiling (Jelinik 1983, 143). 
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THE ROLE OF COMPUTER TECHNOLOGY 
The notion that the cost of joint production is less than the cost of producing each output 
separately, and that joint production of two goods by one enterprise is less costly than the 
combined costs of production of two specialty firms, has been a factor in business decisions to 
expand the scope of the enterprise. The presence of specialized know-how and indivisible 
physical assets and the absence of adequate market incentive to effectuate inter-firm transfer 
results in vertical integration and/or diversification (Teece 1980, 226). Integration and 
diversification contribute to the exploitation of scope economies for those firms that have the 
capital, physical assets and specialized know-how to effectively achieve it. 
Advances in computer technology, from the introduction of numerically controlled machines 
in the 1950's and 1960's to computer integrated manufacturing available today, have made 
available new tools and processes that can fundamentally change the way companies conduct 
business. 
Numerically controlled machines decreased set up times and increased the amount of time 
machines were actually cutting materials. A second repercussion of numerically controlled 
machines was that the manufacturing knowledge moved from the workers to paper tapes and the 
workers became machine custodians. In the 1970's, computer controlled machines were 
developed, resulting in faster response times, increased throughput and reduced costs. The ability 
to run a variety of parts on the same machine at a reasonable cost became a reality. 
Computer-aided design allows the design of better products through what-if analysis that 
maximizes both design strength and economy. Integration of computer-aided design and 
manufacturing results in reduced material costs due to better design and less waste. Computer-
aided manufacturing eliminates learning curve effects and requires higher quality, more consistent 
raw materials which result in higher quality products. Computer-integrated manufacturing allows 
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all manufacturing tasks and processes to be put on computer programs. This provides more 
imaginative manufacturing and integrates the actual, physical production of goods with the 
information and control systems (Thompson 1982, 47). 
The common denominator of the generations of automation is flexibility. From the ability to 
retool quickly and cheaply, to the ability to test design alternatives, to the ability to manage vast 
amounts of information in order to match production to market demand, the manufacturing 
system gained in its ability to respond efficiently and quickly to a variety of changes in the 
manufacturing environment, Tfce flexibility provided by computer technology is the same 
flexibility that allows firms to exploit scope economies. Continued decline in the cost of 
automated systems has allowed more and more firms to introduce computer technology into the 
production process, resulting in movement from the traditional scale based decisions to those 
driven by scope economics. 
SCOPE ECONOMIES IN BUSINESS 
MANUFACTURING 
Manufacturing lends liself readily to the exploitation of scope economies via computer 
technology designed to specifically address weaknesses in the traditional manufacturing process. 
Computer technology allows for the integration of manufacturing with engineering and marketing 
functions at a level never before possible. As the level of integration rises, process predictability 
improves such that new demands for timely delivery, quality and low cost can be raised without 
the traditionally accepted trade-offs in flexibility and variety (Jelinik 1985, 97). 
Through automation of its plant in Bristol, Virginia, Electrolux was able to reduce the cost 
of its basic model vacuum cleaner by 50% atid eliminate backup systems and standby parts 
inventories while producing six models of vacuum cleaners on the same assembly line (Rohan 
1988, 34). Vought Corporation's flexible machining center produces 600 designs, one at a time 
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in random sequence. It is expected to save $25 million in machining costs by performing in 
70,000 hours work what would take 250,000 hours by conventional methods (Jelinik 1985, 98). 
Cross & Trecker Manufacturing Co.'s flexible manufacturing system consists of six machining 
centers that routinely make more than 200 parts. The computer controlled system will select the 
machine sequence required for each part on the basis of the position of the right tool and the 
shortest waiting line (Rohan 1988, 50). 
In each of the three manufacturing companies described above, economies of scope are 
exploited. The companies are able to produce a variety of products while maintaining or 
reducing costs. Flexibility is increased in that the products are produced in any sequence and in 
any number. Added flexibility results in better usage of plant capacity as machines produce a 
broad spectrum of products serving a variety of markets rather than few products with sporadic 
or limited demand. 
SERVICE ORIENTED BUSINESSES 
In service oriented businesses, the "product" is much more difficult to define and describe than 
the manufactured product. Services are a combination of multiple factors, both tangible and 
intangible. The quality of the service is more difficult to measure in quantifiable terms than a 
product. Quality is a function of the expectations of the person receiving the service rather than 
a function of durability, precision or operation. The existence of or the potential for scope 
economies in a service oriented business Is less observable and less documentable than in the 
manufacturing arena. 
Attempts have been made to determine the potential for - or existence of - economies of scope 
in the banking industry (Cebenoyan 1990, 115-125 and Kolari 1991, 82-96). These research 
efforts are not conclusive in providing an answer as to the existence of scope economies. The 
role of computer technology in the possible exploitation of scope economies is not addressed. 
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Other research has been conducted on the existence of scope economies in the provision of local 
public services (Grosskopf 1990, 61-74). The statistical data presented in this research suggests 
economies of scope may exist in the provision of such services, however, the research attributes 
any scope economies achieved to diversification anii the sharing of some fixed costs. Any role 
played by technology is not addressed. 
Large companies with available capital and know-how may be able to increase the variety of 
offerings to address the demands of multiple markets via diversification and/or vertical 
integration. Smaller companies typically cannot exploit scope economies in this fashion. The 
role of computer technology in the exploitation of scope economies in the smaller companies must 
be explored. Does computer technology exist which can provide the flexibility and quality 
control needed to exploit scope economies? Is the technology affordable to the business in 
question? 
Recognition must be given to the fact that traditional methods of justifying the acquisition of 
automated equipment constitute a major barrier to the adoption of the new technologies. 
Computer technology must be evaluated on the basis of the benefits to be derived from doing 
things not previously possible rather than on what costs would have been had the technology been 
available (Jelinik 1985, 103). An extremely important factor in the exploitation of scope 
economies is the willingness of management to change the traditional way of conducting business 
and consider the strategic implications of the flexibility, variety and quality made possible by the 
computer technology. 
EVALUATION FRAMEWORK 
By reviewing the economies of scope which exist in particular industries or businesses, and 
by analyzing the role computer technology plays in the exploitation of those scope economies, 
a framework can be developed to evaluate the potential for - or existence of - economies of scope 
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in other industries or businesses. The first step in the evaluation process is to precisely identify 
the product and to clearly separate the product from the services that surround that product 
(Albrecht 1985, 4). The separation of "product" from "service" is particularly important in 
service oriented businesses in that the tangible offering needs to be isolated from the "way the 
company does business." 
The distinction between the tangible offering and the "way the company does business" is 
important. The way the company does business is a function of organizational values and 
objectives and is affected only indirectly by processes and technologies that allow scope 
economies to be exploited. Several questions can then be posed to determine whether the 
potential to exploit scope economies exists in that business or industry. 
A. Variety of Offerings: 
1. What are the current and potential variations of the existing tangible offering? 
2. What other services might the firm be able to offer as a result of information made 
available by the computerized system? 
3. Does the variety of offerings allow for the sharing of certain costs across those 
offerings? 
4. What is the extent of the market for each of those variations? 
5- What is the volume of each type or variation of service that must be provided in 
order for it to be economically feasible for the firm to offer that service? 
B. Flexibility of Delivery System: 
1. Does the existing delivery system have the flexibility necessary to economically 
produce each of the variations and/or new services? 
2. Does the existing staff have the training and ability necessary to utilize the 
computerized system to its full potential? 
3. Is the delivery system better utilized if the variations are provided? 
C. Available Computer Technology: 
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1. Is the computer technology available to provide the flexibility needed in the delivery 
system? 
2. Is computer technology available to improve the quality of the offerings? 
D- Attitude Toward Change: 
1. What is management's attitude toward change? 
2. Is management willing to consider the need to redefine the way work is 
accomplished? 
3. Is management willing to consider the need to redefine the nature of the business and 
the services provided by the firm? 
4. What are the real reasons the firm has implemented computer technology? 
5. How well does management understand the computer technology available in the 
firm? 
Thoughtful answers to each of these questions can provide a basis for evaluating the potential 
for economies of scope in a particular business and determining the extent to which those 
economies may be exploited. 
ARCHITECTURAL AND ENGINEERING SERVICES 
In order to effectively analyze the role of computer technology in exploiting economies of 
scope in service oriented businesses, the scope of this paper will be limited to a specific service 
oriented industry - consulting architects and engineers in Montana. 
IMPACT OF TECHNOLOGY 
In the late 1950's, Dr. Patrick J. HawM-iy wrote the first graphics algorithms that allowed 
points, lines and circles to be displayed ci>. CRTs. That spelled the beginning of the end for 
manual drafting and of the move to computer-aided design (The Promise of 1987, 48). The past 
forty years have seen the development of technology to automate virtually every aspect of the 
design and engineering process from initial conceptual sketches to three dimensional modeling 
to finite element analysis to mechanical simulation. 
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Technological Changes 
A survey conducted in the fall of 1992 by this author indicates that computer-aided technology 
has impacted architectural and engineering firms in Montana. A sample of one hundred fifty-six 
architectural and engineering firms were selected from the total population of two hundred 
seventy-seven firms in the major metropolitan areas of Billings, Great Falls, Butte, Helena, 
Bozeman, Missoula and Kalispel*. Ninety-seven, or 62 percent of the questionnaires were 
returned. Of the 97 architectural and engineering firms responding to the survey, 69 (71 %) had 
computer-aided systems in their firms. Sixty-seven (97%) of the computer-aided systems were 
personal computer based with an average system cost of about $35,000.00. The following 
summary of data gathered in the 1992 survey is concerned only with the 69 firms with computer-
aided systems. 
Twenty-six (38%) firms had five or fewer employees, sixteen firms (23%) had between six 
and ten employees, twenty-two (32%) had between 11 and 50 employees and the remaining five 
(7%) had 50 or more employees. Thirty-four (49%) firms had gross annual sales of less than 
$500,000.00, ten (15%) had sales of between $500,000.00 and $1,000,000.00, thirteen (19%) 
had sales between $1,000,000.00 and $2,000,000.00 and the remaining eleven firms (17%) had 
gross annual sales over $2,000,000.00 (see Table 1 - Firm Size). 
TABLE 1 - Firm Size 
# of # of % of Gross % of 
Employees Firms Total Annual Sales Total 
1 - 5 26 38 <$5,000,000 35 49 
6- 10 16 23 $500,009 to $1,000,000 10 15 
11 - 50 22 32 $1,000,600 to $2,000,000 13 19 
50 & Over _5 _7 $72,000,000 11 J7 
Total 69 100 69 100 
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Respondents were asked if the eomputer-aided system assisted them in offering to clients 
services that were not cost effective to provide prior to implementing the system. The responses 
are summarized in Table 2. 
TABLE 2 - New Services 
Responses # of Responses Percent of Total 
No new services 18 26 
Some new services 41 59 
Several new services 7 10 
Many new services 3 4 
Total 69 100 
In order to determine the extent to which computer-aided systems are used, respondents were 
asked to indicate how many features were actually used by the design and/or engineering staff. 
The responses are summarized in Table 3. 
TABLE 3 - Features Used 
Responses # of Responses Percent of Total 
Less than 25% 1 1 
25% to 50% 31 45 
51% to 75% 26 38 
76% to 100% 11 13 
Total 69 100 
Table 4 summarizes the extent to which responding firms used the computer-aided system as 
a marketing tool. 
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TABLE 4 - System Used As A Marketing Tool 
Responses # of Responses Percent of Total 
Never 11 16 
Occasionally 29 42 
Often 20 29 
Always _9 13 
Total 69 100 
Forty-three (62%) of the respondents indicated moderate to significant change in the 
satisfaction of project owners, while nineteen (28%) indicated only minimal change and seven 
(10%) indicated no change, as summarized in Table 5. 
TABLE 5 - Satisfaction Of Project Owners 
Responses # of Responses Percent of Total 
No Change 7 10 
Minimal Change 19 28 
Moderate Change 32 47 
Significant Change 11 15 
Total 69 100 
A potentially significant indicator of the affects of computerization is the change in staff 
productivity. Table 6 summarizes the change or lack of change in productivity reported by 
respondents. 
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TABLE 6 - Staff Productivity 
Responses # of Responses Percent of Total 
No Change 4 6 
Minimal Change 12 17 
Moderate Change 23 34 
Significant Change 30 _43 
Total 69 105) 
Fifty-four firms (78%) indicated the computer-aided system has had little or no affect on the 
firm's ability to acquire larger jobs, while fifteen (22%) firms indicated they were able to acquire 
moderately to significantly larger jobs as summarized in Table 7. 
TABLE 7 - Acquisition of Larger Jobs 
Responses # of Responses Percent of Total 
No Change 33 48 
Minimal Change 21 30 
Moderate Change 8 12 
Significant Change 1 JO 
Total 69 100 
Changes in the willingness of the project owner to ask for changes to the project are 
summarized in Table 8. 
TABLE 8 - Project Owner Changes 
Responses # of Responses Percent of Total 
No Change 27 38 
Somewhat More Willing 25 37 
Much More Willing 14 21 
Significantly More Willing _3 4 
Total 69 100 
Benefits of the computer-aided system listed most often by respondents were the ability to 
make quick, easy changes to the design and the increased productivity of staff. Disadvantages 
listed most often were a steep learning curve and the cost of acquiring a system. 
While profound change is not always indicated, the survey provides convincing evidence that 
the implementation of computer-aided systems in architectural and engineering firms in Montana 
has had an impact on the firms that use them. The survey suggests the firms with computer-aided 
systems have had to wrestle, as least minimally, with changes in their firms brought about by the 
computerization of a fundamental part of their business. 
An evaluation of the potential for - or existence of - economies of scope in architectural and 
engineering firms necessitates a review of how computer technology has affected profitability, 
productivity, efficiency, dependability and quality of services in these firms. In order to 
understand and evaluate the affects computer technology has had on architectural and engineering 
firms in Montana, in-depth mail interviews were conducted with Montana based architectural and 
engineering firms. Fourteen firms from the five largest metropolitan areas of Montana: Billings, 
Great Falls, Helena, Bozeman and Missoula, were contacted by telephone. A principal in each 
firm was asked to complete an in-depth mail interview form (see Appendix A). Of the fourteen, 
ten (71 %) completed and returned the questionnaire. The interviews posed a series of questions 
to the respondents in regard to these areas of concern by paralleling the affects of computer 
technology in the manufacturing arena. 
Through the use of computer-aided systems, manufacturers are able to provide a variety of 
products for the same or less cost per unit than large volumes of a single product. Thus, the 
respondents were asked first whether the variety of services offered by their firms had changed 
since the firm began using a computer-aided system. Five respondents indicated no change in 
variety of services and that CAD is simply another media to present the same services. The other 
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five respondents, however, indicated the variety of services has increased at least minimally. 
New services mentioned were 3-D imagery, future space planning and maintenance of existing 
floor spaces for accuracy. 
Respondents also were asked if the computer-aided system had assisted their firm in providing 
more services to their clients than prior to implementation of the system. Three respondents 
indicated they did not provide more services to their clients. Seven firms indicated the computer-
aided system had assisted them itiproviding additional services, such as reduced plans, enlarged 
plans, updated record drawings and facility maintenance. 
Finally, respondents were asked if they were able to provide services that were too costly to 
provide prior to the implementation of the computer-aided system. Seven firms indicated they 
were not able to offer such services, while three indicated that, to a limited degree, they were 
able to offer some services that were too costly to provide prior to the implementation of the 
system. 
In manufacturing, computer-aided systems also have resulted in up-front design and testing 
work being used for many products and the associated costs spread over those many products. 
Thus, respondents were asked if the computer-aided system has assisted their firm in sharing 
design and/or engineering costs across more services. Five respondents indicated they were not 
able to share such costs across more services while five others indicated they were able to share 
costs in areas of file management and data retrieval and change, in cut and paste techniques, and 
through transferring data from one file to another or to consultants. 
Respondents also were asked if the computer-aided system has affected the timing in which 
the firm recovers overhead costs, Five respondents indicated that such timing had not changed. 
Even though the computer had improved efficiency, any savings were offset by higher overhead 
costs brought about by the system. In addition, the improved accuracy of services provided with 
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the computer-aided system were not acknowledged by users of the services in terms of higher 
fees. One respondent indicated the timing of overhead recovery had decreased because of the 
increased cost associated with the system. Four respondents indicated the computer-aided system 
had assisted the firm in improving the timing of overhead cost recovery primarily because of the 
increased efficiency brought about by the system. 
The ability to cost-effectively produce a large variety of products allows the manufacturer to 
better utilize excess capacity. When demand for oik product diminishes, production of another 
product is begun or increased. Therefore, respondents were asked if their computer-aided 
systems had assisted the firm in smoothing out variations in work volume due to seasonal factors. 
Three respondents indicated that seasonal factors do not affect their business. Six others, 
however, indicated the computer-aided system had not assisted their firms in smoothing out 
seasonal variations in work volume. One respondent indicated that while variations in work 
volume had not changed, the firm had been able to operate with fewer personnel and eliminate 
hiring and firing to mset work demands as a result of the implementation of the computer-aided 
system. 
Respondents also were asked if the computer-aided system had assisted the firm in managing 
project acquisitions and completion deadlines. Three respondents indicated the computer-aided 
system had not assisted the firm in such management or is not used for this purpose, while five 
others indicated the computer-aided system had assisted the firm in managing project acquisitions 
and completion deadlines. The use of standard details and base drawings for new projects helped 
to meet tight deadlines. One respondent indicated that while the computer-aided system had 
improved management of marketing materials, the availability of computer-aided systems resulted 
in increased expectations from users of the service. Another respondent indicated that while the 
firm expected to realize improvements in managing project acquisitions and completion deadlines, 
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the computer-aided system had only recently been implemented and specific measurable benefits 
had not yet been documented. 
Additionally, respondents were asked if manpower requirements were more stable with the 
computer-aided system. Four respondents indicated their manpower requirements were not more 
stable and training and monitoring of the work effort had resulted in increased manpower 
requirements. One respondent indicated the affects of the computer-aided system on manpower 
requirements was unknown. Another respondent indicated that as the firm was in a definite 
growth curve, the affects- of the computer-aided system on manpower requirements could not be 
assessed. Four other firms had experienced more stable manpower requirements as one man's 
capacity was greater and employees could work haider to meet high demand and shift to research 
and maintenance during slow times. 
Finally, respondents were asked if the computer-aided system had assisted them to bid against 
larger firms and win. Seven respondents indicated the computer-aided system had not assisted 
the firms in bidding successfully against larger firms. However, without the computer-aided 
system, the firm would net be perceived as able to compete at all. The industry has matured to 
the point where computerized systems are considered "table stakes"Three others indicated they 
were able to bid against larger firms and win, primarily because of the firm's commitment to 
computer-aided design. 
Computer-aided systems have assisted manufacturers in producing higher quality products. 
Designs can be tested and compared to design alternatives. The manufacturing process is more 
consistent and requires higher quality raw materials. Learning curve changes are eliminated as 
the machine is as smart on the first unit produced as k-will ever be. Respondents were asked if 
the quality of service provided by their firms hid changed since the implementation of the 
computer-aided system. One respondent indicated the quality of services had decreased because 
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drawings are held in the memory of the system and were not readily available while working on 
a particular detail. Three others noted no change in the quality of service. Six respondents 
indicated the quality of services had increased as the computer-aided system assisted in creating 
more accurate drawings aid allowed changes to be made more quickly and efficiently. 
Respondents also were asked if the level of design versus engineering conflicts had changed 
since the implementation of the computer-aided system. Five respondents indicated that such 
conflict had not changed. Five others indicated the level of conflict between design and 
engineering had changed as the computer-aided system enabled conflicts to be identified sooner 
and resolved quicker. The system had greatly enhanced coordination between all disciplines of 
a design team. However, the speed in which changes could be made with a computer-aided 
system could wreak havoc 011 the work of sapporti ig consultants if last minute changes requested 
by the customer were accommodated. 
The interview questionnaire asked respondents to describe any changes in the ratio of overhead 
costs to total costs, billing rate structure or cost overruns that resulted from the implementation 
of the computer-aided system. Five respondents indicated the ratio of overhead costs to total 
costs had increased. Without considering the initial investment, the costs of operating an 
automated office were two to four percent higher than a non-automated office. Learning curve 
effects of computer-aided systems have resulted in higher overhead costs. Two respondents 
indicated the ratio of overhead to total costs had not changed, while one indicated that overhead 
costs seemed to be coming down and two others indicated they did not know how the 
implementation of the computer-aided system had affected such costs. 
Six respondents indicated there had been no change in billing rate structure, while four others 
indicated there had been changes in such structure. A new billing rate level was added strictly 
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for CAD services. Billing rates had increased because of the increased costs associated with the 
system. 
Additionally, two respondents indicated there had been no change in cost overruns, while two 
others indicated there were fewer ami smaller overruns. Three others indicated that lack of 
familiarity with the system, the high learning curve associated with computerized systems and 
lower productivity during the transition from the manual system resulted in higher cost overruns. 
Two others indicated improvement in cost overruns as costs for production of design and 
documentation have decreased and the firm is more efficient. Finally, one respondent indicated 
the firm's computer-aided system was new and it was still to early to determine what affect the 
system would have on cost overruns. 
The questionnaire asked for a description of any changes in productivity levels resulting from 
the implementation of the computer-aided system. One respondent indicated no change in 
productivity, while another indicated lower levels of productivity initially due to the high learning 
curves associated with computer-aided systems. Another respondent indicated the firm did not 
yet know how productivity would be affected by the implementation of the system. Seven others 
indicated an increase in productivity ranging from a slight to a significant improvement. The end 
product was completed sooner and higher volume was achieved. 
Successful implementation of computeg-aided sysiems in manufacturing requires manufacturers 
to make changes in organizations! sSructurs, mj&eting methods and finance and accounting 
methods. Respondents were asked to describe any changes made to the firm's organizational 
structure. Six respondents indicated that no changes were made to the organizational structure 
of their firms, while four others indicated that changes were made to such structure. Changes 
included adding a CAD manager to the staff, replacing a draftsman position with a CAD 
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manager, requiring both designers and draftsmen to use the computer-aided system and defining 
office and production standards. 
Respondents also were asked to describe any changes their firms made in marketing methods. 
Three respondents indicated no changes to marketing methods, while seven others indicated 
changes were made in such methods. The computer-aided system was used to great advantage 
as a marketing tool, allowing the flraR to ccmpsts with larger firms and for larger jobs. The 
computer-aided system assisted the firms in developing better quality presentations and in 
incorporating the graphics available in desktop publishing into the presentation. The system 
assisted firms to interview for federal jobs which require computer-aided systems in order to 
qualify. 
Finally, respondents were asked to describe any changes their firms made in accounting and 
finance methods. All ten respondents indicated no changes in such methods. Three respondents 
indicated the computer-aided systerr, allowed them to more closely track costs ane to provide 
quicker, easier billing. 
Implementation of computer-aided systems has resulted in manufacturers redefining their 
business strategy. They have changed the way they view customers, markets and products. 
Respondents were asked if the implementation of a computer-aided system has changed how their 
firm defines "the business they are in". Eight respondents indicated they had not changed the 
definition of their business. Two others indicated that the definition of the business had changed 
as the computer system allowed she firm to enlarge services and be more competitive. While the 
computer system allowed firms to expand, architectural and engineering firms are, out of 
necessity, very people oriented and without a "one-on-one" relationship with clients, the firm 
could not survive. 
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The questionnaire asked respondents to list those factors believed to be most important to the 
success of the firm, whether related to the computer-aided system or not. All ten respondents 
listed customer service as important. Customer service took the form of a personal interest in 
the client, continuity of service, thoroughness of service and customer satisfaction. Eight 
respondents listed quality services in the form of knowledgeable, well executed, creative designs 
created by competent professionals as important to the success of the firm. Accuracy, 
completeness and appropriateness were included as important to the quality of designs. Six 
respondents listed productivity and efficiency including timeliness in meeting deadlines and the 
ability to improve productive capacity in order to control overhead costs as important. 
The computer-aided system was listed as an important factor in the success of the firm by 
three of the respondents. The computer-aided system assisted the firm in providing accuracy and 
clarity in designs and to successfully compete for projects with quick and accurate bids. Other 
factors listed as important included integrity, well trained personnel, dependability, fair cost, pro­
active marketing, minima! pioblems in the construction process, availability ofswork, problem 
resolution, economy and proper management. 
AFFECTS OF TECHNOLOGY 
Of primary interest in this research is the affect computer technology has on the profitability 
and efficiency of the architectural and engineering firms studied. Additionally, the affect of 
technology on the dependability and quality of services is of concern. 
It was found that among the firms surveyed, overhead costs had generally increased, primarily 
because of the cosis of acqafeiftg -sad maintaining a computer-aided system. While those firms 
with computer-aided systems view the system as in important part of the business, fierce 
competition and the client's unwillingness to acknowledge improvements in services have 
precluded architectural and engineering firms from increasing fees in order to recover higher 
overhead costs. The higfeleansifig Qirve^asspeiated with the implementation and ongoing use of 
a computer-aided system affects the firm's ability to recover the costs of the system. Many 
features available with the computer-aided system are never used as the time needed to effectively 
learn to use these features is not available to the firm. Consequently, the firm has invested in 
equipment it may never use to its full capacity. 
The interviews provided little indication of improvement in profitability as a result of the 
implementation of the cosn^'iter-dded system. Computer-aided systems have typically been 
justified based on a de&Le to giperienee the iectippk>g$, because clients expect firms to Be 
computerized, or because of intuitive reasoning that computers should bring about improvements 
in the business. Studies have failed to find any firms in engineering or architecture that have 
conducted a comprehensive post purchase economic evaluation of their computer-aided system. 
Most firms simply do not know how the computer-aided system has affected profitability (Stevens 
1991, 141). 
The affect of computer-aic'ed systems on manpower requirements, the ability toi>etter manage 
project acquisitions and dsLdlines ajd the smoothing of seasonal variations iu work load appears 
to be moderate. Manpower requirements have increased in some firms in response to increased 
training and supervision needs required by the computer-aided system. Other firms have been 
able to avoid hiring during upswings in workload due to greater individual capacities. 
As documented in this research, computer-aided systems have assisted architectural and 
engineering firms to be more efficient in their ability to handle changes to a project design. The 
computer-aided system aliows instaa;anecus and simultaneous changes to all drawings associated 
with the project. Projects owners tend t9 ifee mere satisfied with the project as a result. The 
survey conducted in the fall of 1992 indicated that sixty-two percent (62%) of the respondents 
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felt their clients were moderately to significantly more satisfied with projects completed since the 
implementation of the computer-aided system. 
The quality of the architectural 2nd engineering services also has been affected to some degree 
by the implementation of computer-aided systems. A higher level of accuracy is achieved in less 
time and inter-disciplinary conflict is reduced through sharing of data files and immediate project 
updates. However, quality of service has as much to do with the underlying business philosophy 
of the firm as with the level of technology used in the firm. As one respondent pointed out, 
"Computers allow thorough users to be more thorough and allow lazy users to still be lazy but 
look better on the surface." (Cartier, 1992) 
The computer-aided system's greatest potential benefit to architectural and engineering firms 
may be as a marketing tool. Advanced generation technologies, such as computer-aided design 
with 3-D perspectives, create impressive presentations (Lee 1991, 45). The value of the 
computer-aided system as a marketing tool is not widely recognized. Only thirteen percent (13 %) 
of the architectural and engineering firms in Montana responding to the 1992 survey consistently 
used the computer-aided system to compete for projects, while sixteen percent (16%) of the firms 
never used the computer-aided system as a marketing tool. Often, bids lost by a firm were not 
due to any technical incompetence, high cost quoted for the proposed project, or the quality of 
the proposal. Bids were lest because the competition used state-of-the-art technologies. The 
competing firm that appears to be sophisticated and reliable finds the.bid often is awarded on the 
basis of the impression left by the presentation on the project owners. 
The implementation of technology in architectural and engineering firms has had a positive 
affect on the quality and dependability of services but the affects are not consistent nor 
widespread. In some cases, improvements in efficiencies have been achieved. Profitability has 
been affected only minimally or no* at all. 
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CAN ECONOMIES OF SCOPE BE EXPLOITED? 
Economies of scope are derived from sharing costs across many products or services and using 
excess capacity. Economies of scope bring about efficiencies based on variety in products or 
services. Can architectural and engineering firms in Montana exploit economies of scope? Can 
architectural and engineering firms provide a broader variety of services to their clients while 
achieving efficiencies derived from better utilization of professionals within the firm? 
While evidence exists that the potential for exploitation of scope economies exists in 
architectural and engineering firms, it appears the actual existence of scope economies within 
these firms has only just begun. Only sixty-nine percent (69%) of the firms surveyed in late 
1992 had implemented computer-aided systems. Many of these firms have had the technology 
for several years and had yet to realize the full potential of the system. Of those with systems, 
only sixteen percent (16%) felly ut'liz"d all t'-e available features. Historically, it has taken 
companies a generation or more to iruly master major new waves of technology (Carey 1993, 
57). The learning curve for a computer-aided system is very high. Educational institutions are 
several years behind in providing training to graduates in the use of die more advanced computer-
aided systems. The work often is performed on outdated computers-(too few in number) and is 
taught by "computer experts rather than design instructors" (Neeley 1991, 59). 
Many firms have purchased computer-aided systems not because they understood and expected 
to realize the true benefits of com^aer technology bat because they felt they had to in order to 
remain competitive or because their clients expected them to do so. Also, firms have purchased 
computer-aided systems expecting to realize immediate and significant increases in productivity. 
In some cases productivity increased, but generally the improvements were less than hoped for. 
True, users are able to modify drawings more quickly and easily, but the real benefits of a 
computer-aided system lie in the storage of large amounts of information about a project in a 
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manner that makes it available to all who are involved in the project. Benefits lie in the ability 
to use that stored data again and again to assist the client with ongoing project related needs. 
Benefits lie in the ability to reuse the stored data from one project for many future projects with 
similar design specifications. Benefits also lie in the firm's ability to present its talents and 
services visually to the client that does not Understand blue prints. Finally, benefits lie in the 
ability of the computerized firm to differentiate its services from competitors by using capabilities 
and features other firms do not have. 
In architectural and engineering firms, the potential to exploit economies of scope exists in the 
presence of computer technologies. Computer technologies provide the fundamental tools 
necessary to use architectural and engineering data in new and creative ways. Without computer 
technologies available to architectural and engineering firms, economies of scope cannot be 
exploited. However, computer technology alone cannot provide architectural and engineering 
firms with the ingredients necessary to realize benefits of scope economies. In the broadly 
defined service sector, from banks to health care clinics, capital spending on computers and office 
equipment has boomed over the last decade and productivity has languished (Carey 1993, 58). 
Exploitation of scope economies requires the firm to do more than just improve the economy of 
present activities. Firms must consider the expanded options the technology makes available and 
the costs of not adopting it. 
A major barrier to the effective use of computer technology is lack of understanding of its 
impact on strategy. Harvesting the potential of scope economies may mean changing the 
"business we are in". It will certainly mean a new responsiveness to customers and a willingness 
to compete in new markets. New technologies imply a major shift in power such that traditional 
divisions of work no longer make sense. Marketing strategies must change to focus on a wider 
variety of services and on services not previously provided. Accounting and finance methods that 
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recognize shared resources, that reflect more accurately the risks and opportunities of 
technological investments, and that avoid a built-in bias toward short-term business as usual are 
needed (Lee 1991, 47-48). 
Those firms that understand computer technology as merely a tool to enhance the good 
qualities already possessed by the firm rather than a panacea for all that ails the firm are those 
that will reap the benefits of «eope economies. Computer technology sets the stage for the 
exploitation of scope economies, but squsk! bimness strategies and competent and creative 
management are the attributes that bring about results. 
THE FUTURE OF COMPUTER TECHNOLOGY 
In the 1980's, United States businesses invested $1 trillion in information technology, $800 
billion in the service sector alone (Carey 1993, 58). Fast and efficient gathering and sharing of 
data is not only desirable but necessary for businesses to remain competitive in the world 
economy. Although some firms have begun to remove automation from their firms,, 
implementation and upgrading of computer systems will continue at a significant rate. 
The expected increases in productivity as a result of the significant investments in technology 
in the 1980's, with notable exceptions, failed to materialize. The exceptions, where expected 
increases were realized or surpassed, were those firms where advanced technology was melded 
with sweeping changes in management and organizational structure (Carey, 58). Some firms 
have concluded that too much technology actually impedes productivity and the long-term solution 
to productivity is to redesign or "reg^lnm'" th6 work to provide more flexibility, more 
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information and more responsibility to tile worker. Technology plays a key role in providing the 
worker with the information needed to act quickly and to support new ideas in the business 
process. The key to mastering the technological revolution is a combination of technological and 
managerial innovation (Carey, 57). 
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As technological advances produce new computerized tools and systems, which architectural 
and engineering firms are compelled to purchase for whatever reason, the necessity to understand 
the true benefits of computerization becomes even more important. Emerging technologies, such 
as three dimensional imaging, visualization and virtual reality, require substantial investments in 
both time and money. Firms must understand and reap the true benefits of the computerized 
system in order to recover the investment in a timely fashion and provide the momentum 
necessary to sustain a successfully business. 
CONCLUSIONS 
Scope economies, fueled by computer technology, have played a significant role in the 
rejuvenation of the manufacturing industry in the United States over the last decade. The 
exploitation of scope economies in the architectural and engineering service sector has just begun, 
in part, because computerization in this sector is relatively new, and in part, due to the high 
learning curve associated with the computerized systems available to these firms. 
The potential for exploitation cf scope economies in architecrurd and engineering firms is 
significant. A few progressive firms have begun to exploit scope economies with the assistance 
of the computer-aided systems. A Montana firm interviewed by this author maintains its gross 
output per employee at seventy-five percent (75%) higher than the national average. The firm 
offers expanded services to both domestic and foreign customers. A total quality management 
philosophy coupled with a strong customer focus, supported by ongoing efforts to maximize the 
potential of computer technology, is the foundation of the firm's success (Ruppert, 1992). 
This Montana firm and ethers like it demepstrcte the potential for exploitation of scope 
economies exists in firms that possess the right combination of computer technology and creative 
management abilities. 
APPENDIX A 
IN DEPTH INTERVIEW FORM AND COVER LETTER 
CONDUCTED IN SUMMER/FALL 1993 
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Dear 5 ~ : 
Research has demonstrated that computer technology, via computer-aided design, engineering and 
manufacturing, has played i significant role in clie efficiency of manufacturing plants and the 
quality of products produced by these plants. As part of my graduate studies through the 
University of Montana, I am studying the impact of computer technology on businesses that 
produce services rather than products. 
Thank you for agreeing to complete the enclosed questionnaire. The information gathered 
through this questionnaire will be used to study the role of computer technology in architectural 
and engineering firms and to analyze the changes that may have occurred as a result of 
computerization within the firm. 
A stamped, return envelope is enclosed for your convenience. All information provided by your 
individual firm will be held in strict confidence. 
Again, thank you for taking the tkni to respond to this questionnaire. If you are interested in 
the results of this study, a copy of lay ccnipiecei project will be on file in the library at the 
University of Montana. Also, you may request a copy by writing to the address on this 
letterhead. 
Sincerely, 
Carol Wulfekuhle, Graduate Student 
Billings MBA Program 
University of Montana 
Billings, Montana 
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QUESTIONNAIRE ON ECONOMIES OF SCOPE 
1. Through the use of computer-aided systems, manufacturers are able to provide a variety of 
products for the same or less cost per unit than large volumes of a single product. 
* Has the variety of services offered by your firm increased or decreased since your firm 
began using a computer-aided system? 
* Has the computer-aided system assisted your firm in providing more services to your 
clients than you provided before? 
* Is your firm able to offer services that were too costly to provide prior to the 
implementation of the computer-aided system? 
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2. In manufacturing, computer-aided systems have resulted in up front design and testing work 
being used for many products and the associated costs spread over those many products. 
* Has the computer-aided system assisted your firm in sharing design and/or engineering 
costs across more services? 
* Has the computer-aided system affected the timing in which your firm recovers overhead 
costs? 
3. The ability to cost-effectively produce a large variety of products allows the manufacturer 
to better utilize excess capacity. When demand for one product diminishes, production of 
another product is begun or increased. 
* Has the computer-aided system assisted your firm in smoothing out variations in work 
volume due to seasonal factors? 
* Has the computer-aided system assisted your firm in managing project acquisitions and 
completion deadlines? 
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* Are manpower requirements more stable with the computer-aided system? 
* Is your firm able to bid against larger firms and win? 
4. Computer-aided systems have assisted manufacturers in producing higher quality products. 
Designs can be tested and compared to design alternatives. The manufacturing process is 
more consistent and requires higher quality raw materials. Learning curve changes are 
eliminated as the machine is as smart on the first unit produced as it will ever be. 
* Has the quality of the services provided by your firm changed since the implementation 
of the computer-aided system? 
* Has the level of design vs. engineering conflicts changed since the implementation of the 
computer-aided system? 
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Please describe any changes in the following areas that resulted from the implementation of 
the computer-aided system. 
* Ratio of overhead to total costs. 
* Billing rate structure. 
* Costs overrun. 
* Productivity levels. 
Successful implementation of computer-aided systems in manufacturing required 
manufacturers to make changes in organizational structure, marketing methods and finance 
and accounting methods. Please describe any changes your firm has made in the following 
areas as a result of the implementation of a computer-aided system. 
* Organizational Structure. 
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* Marketing Methods. 
* Accounting and Finance Methods. 
7. Implementation of computer-aided systems has resulted in manufacturers redefining their 
business strategy. They have changed the way they view customers, markets and products. 
* Has the implementation of a computer-aided system changed how your firm defines "the 
business you are in"? 
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8. Please list those factors you believe are the most important to the success of your firm 
whether related to the computer-aided system or not. List the most important first. 
Thank you very much for taking time to answer these questions. 
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